SUMMARY T2-weighted MRI shows attenuated signals from the basal ganglia, such signal attenuation being more evident at high magnetic field strengths of 1.5 tesla (T). The basal ganglia contain high levels ofiron, and it has been suggested that these iron deposits lead to shortening ofbulk water T2 protons via a mechanism involving diffusion of water through local magnetic field gradients generated by the iron. This mechanism generates a relaxation contribution that is proportional to the square of the applied static field B., and if it is significant the relaxation rate l/T2 should be strongly dependent on B.. T2-weighted MRI would then provide a potential means of imaging regional cerebral iron levels at field strengths that are high enough for this mechanism to be important. The bulk water proton spin-spin relaxation times (T2) of samples from caudate nucleus, frontal cortex, and white matter, taken from fresh cerebral necropsy material of four subjects dying of nonneurological conditions, and one subject with Parkinson's disease have been measured. T2 values were compared with regional cerebral iron content. At high field strengths (2 35 T and 8 5 1) no significant variation in regional cerebral water proton T2 values was found; caudate, cortex and white matter had similar water proton spin-spin relaxation times in spite of the variation in their iron content. Increasing the field strength from 2 35 T to 8 5 T resulted in a generalised 50% decrease in mean regional cerebral T2 values, as opposed to the 13-fold decrease expected if T2 relaxation was dominated by a mechanism that is dependent on B.2. It was thus not possible to provide evidence that iron deposition per se is responsible for the attenuated signal obtained from the basal ganglia in T2-weighted MRI. Received 17 May 1988. Accepted 21 July 1988 pallidus and the zona reticulata of the substantia nigra. As these are the regions of the brain with the highest iron content this observation has led to the suggestion that high-field T2-weighted MRI could be used as a means of assessing regional cerebral iron content.'2 While the intensities of the T2-weighted
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Conventional magnetic resonance imaging (MRI) produces tomographic scans which can be weighted according to spin-lattice (T,) or spin-spin (T2) relaxation times of water protons. With T2-weighted MRI in normal subjects, many of the central grey nuclei of the brain appear as regions of reduced signal.'-3 This effect is more evident at higher static field strengths of 1-5 tesla (T) than lower field strengths such as 0 15 T.3 The lowest levels of signal are obtained from globus pallidus and the zona reticulata of the substantia nigra. As these are the regions of the brain with the highest iron content this observation has led to the suggestion that high-field T2-weighted MRI could be used as a means of assessing regional cerebral iron content.'2 While the intensities of the T2-weighted MRI water proton signals are approximately inversely related to known regional cerebral levels of iron deposition, the correlation is imperfect; the putamen and caudate show little loss of signal despite high iron content, while internal capsule and corpus callosum show unexpectedly low signals.4
Using T2-weighted MRI at higher field strengths, low signal from the putamen has been reported in patients with multi-system atrophy, progressive supra- caudate, the grey matter of the middle frontal gyrus, and the white matter of the centrum semiovale. Leptomeninges were stripped from cortical biopsy specimens, and all specimens were loaded into 5 mm outer diameter NNR tubes. Following NMR all samples were weighed and then dried to constant weight so that water content could be determined. Tissue samples adjacent to those areas selected for NMR were also taken and fixed in 10% formol-saline. These were then processed in paraffin wax for routine light microscopy. Sections were stained with haematoxylin and eosin, and with PERL's stain for iron.
Following NMR, dried specimens were sent for neutron activation analysis of iron, chromium, copper, cobalt, nickel and manganese levels. Analysis was performed by Dr G R Gilmore, University Research Reactor, Activation Analysis Service, Risley, Warrington, UK. EXORCYCLE phase cycling was used to suppress the effects of imperfections in the radiofrequency pulses. Caudate and frontal cortical biopsy material consistently yielded clearly defined T2 values for bulk water protons. Central white matter biopsy material occasionally yielded Brooks, Luthert, Gadian, Marsden the variation in their iron content. Increasing the field strength from 2 35 T to 8&5 T resulted in a generalised 50% reduction in mean regional cerebral water proton T2 values, whereas a 13-fold, that is, (8&5/2 35)2-fold, reduction would have been expected if diffusion through field gradients generated the dominant relaxation mechanism. Our findings therefore argue against this mechanism being responsible for the low signals obtained from the basal ganglia in T2-weighted MRI.
In general, relaxation of water protons will contain contributions from both diamagnetic and paramagnetic mechanisms. The presence of paramagnetic species can affect water proton NMR signal intensities by several different mechanisms.' Although our results argue against diffusion through field gradients as being the dominant mechanism leading to reduction of water proton T2 values in certain diencephalic nuclei, they do not exclude the possible contribution of other mechanisms that have a small dependence of T2 on field strength such as those operating via the direct binding of water to ferric ions. In addition, our findings do not exclude local variations in magnetic susceptibility being the cause of the signal attenuation seen in T2-weighted MRI scans of cerebral haematomas, though the field dependence of this signal attenuation appears to depend on the precise pulse sequence that is employed."67
In conclusion, while there is no doubt that certain central grey nuclei show attenuated signal on T2-weighted MRI, it remains to be proven that this attenuation is a direct consequence of the presence of iron deposits.
